ABSTRACT
INTRODUCTION
The advent of novel targeted molecular therapies has completely changed the therapeutic landscape of metastatic renal cell carcinoma (mRCC). Because these therapies have better efficacy and tolerability than cytokine therapy and have drastically improved prognosis, these are now considered as the clinically relevant first-and second-line treatment approaches for patients with mRCC [1] .
Currently, seven targeted agents have been approved for the treatment of mRCC, all of which showed efficacy and tolerable safety in large phase III clinical trials.
Among them, six targeted agents are recommended for first-line treatment of mRCC patients with favorable and intermediate risk [2, 3] . Temsirolimus has been a preferred choice for poor prognosis patients. For the favorable and intermediate risk patients, selecting the first-line regimen for a particular patient has become a hard decision for clinicians [3] . There were two phase III trials compared the targeted agents in the first line setting, for example pazopanib versus sunitinib (COMPARZ study) and axitinib versus sorafenib for the first line treatment [4, 5] . However, till date limited reported data is available on the direct comparison between the other targeted agents.
Both sorafenib and sunitinib are oral multikinase inhibitors that target tumor proliferation and angiogenesis by inhibiting VEGFRs, platelet-derived growth factor receptors (PDGFRs), FMS-like tyrosine kinase 3 (Flt-3), c-Kit protein, and RET receptor tyrosine kinases; however, they do not have identical kinase inhibition profiles [6] [7] [8] . The target site for both the drugs is VEGFR 1-3, plateletderived growth factor receptor, and c-Kit. In addition, sorafenib inhibits intracellular serine/threonine kinases such as C-Raf, wild-type B-Raf, and mutant B-Raf. It also has a potent antiangiogenic and proapoptotic activity, thereby representing a marked antitumoral effect [3, [6] [7] [8] [9] [10] .
Evidence-based medicine suggested sorafenib as the second-line treatment after cytokine therapy (category 1) and its use as the first-line agent is only in selected patients (category 2A) [11] . However, compared with Western patients with advanced or metastatic RCC, Chinese patients with the same disease respond better to sorafenib as firstline targeted therapy [7, 12] . Moreover, results from TIVO-1 trial suggested that sorafenib as a first-line mRCC therapy yielded progression-free survival (PFS) of 9.1 months [13] . It is noteworthy that sorafenib is widely recommended in the China as first-line therapy for mRCC because of its significant efficacy and safety profile [7, 14, 15] .
Sunitinib demonstrated longer overall survival compared with IFN-alpha (26.4 v 21.8 months, respectively) plus improvement in response and PFS in the first-line treatment of patients with metastatic RCC in phase III clinical trials. The overall survival event profiles highlight an improved prognosis in patients with RCC indicating a better treatment modality in the era of targeted therapy [16] .
Despite the established efficacy of both the drugs, to date, there exists only one retrospective analysis from South Korea which indicated that sorafenib has comparable efficacy to sunitinib in the treatment of mRCC patients and fewer and less severe toxicities; however, definite conclusion cannot be drawn owing to small sample size [17] . Furthermore, previous analyses have different limitations with different prognostic or predictive factors and clinical studies directly comparing these multikinase inhibitors are still lacking. Overall, there still remains a paucity of information to validate the potential data on direct comparison of the efficacy of first-line treatment with sorafenib and sunitinib in the treatment of mRCC.
Hence, we conducted this largest retrospective study to primarily evaluate the efficacy and safety of first-line targeted agents (sorafenib versus sunitinib) administered in Chinese patients with mRCC. We also determined the factors predictive of PFS/OS with sorafenib or sunitinib.
RESULTS

Patient demographics and clinical characteristics
A total of 334 consecutive patients with mRCC who received first-line VEGF TKI treatment were screened from November 2006 to March 2015. Of these patients, 169 received sorafenib and 165 received sunitinib. The baseline characteristics were relatively well balanced between both the groups. Overall, the median age of the patients was 55 years, and majority of the patients were men (75.22%). Most of the patients had clear cell carcinoma (82.69%). Most of the patients received nephrectomy (98.2%), 74 out of these patients suffered cytoreductive nephrectomy and 5 patients without cytoreductive nephrectomy.The patient baseline demographic and clinical characteristics are summarized in Table 1 .
Efficacy of sorafenib versus sunitinib
At the date of censor, the median follow-up duration for all the patients was 23.0 months (95% CI: 20.5-25.5months). No significant differences in PFS were seen between the standard dose sorafenib and sunitinib groups (9.0 months [95% CI: 8.00-12.00] vs 11.0 months [95% CI: 9.00-14.00], respectively; P = 0.6289). However, an improved median PFS with prolonged survival was observed in patients receiving all dose sorafenib including escalated compared with those receiving sunitinib (17.0 months [95% CI: 13.00-19.00] vs 11.0 months [95% CI: 9.00-14.00], respectively; P = 0.0062; Figure 1A ). No significant differences in OS were seen between the sorafenib and sunitinib groups (28.0 months ([95% CI: 24.00-34.00] vs 28.0 months [95% CI: 19.00-33.00], respectively; P = 0.979; Figure 1B) .
As per subgroup analysis, patients with non-clear cell renal cancer taking sorafenib showed the median PFS was numerically longer than with sunitinib, but the difference was not significant (8.50 Figure 2A ) compared with those taking sunitinib. However, the patient population is rather low in each arm to draw any definite conclusion.
On comparing the efficacy of sorafenib versus sunitinib based on Karnofsky performance status (KPS) score, patients with a KPS of <90 taking sorafenib had a significantly superior PFS (7.50 months [95% CI: 5.00-10.00] vs 3.0 months [95% CI: 2.50-3.50]; P = 0.0265; Figure 2B ) and OS (18.0 months [95% CI: 12.00-24.00] vs 7.5 months [95% CI: 5.00-12.00]; P = 0.0506; Figure  2C ) compared with those taking sunitinib.
However, when the PFS and OS with sorafenib versus sunitinib were compared on the basis of whether the treatment interval exceeded 1 year for evaluation of time from diagnosis to systemic treatment administered, no significant differences were observed. Similarly, no significant differences were observed in PFS and OS between both the groups when evaluated among patients with MSKCC (favorable risk, intermediate risk and poor risk) and among patients with or without simple pulmonary metastasis. Sunitinib group demonstrated a higher frequency of grade ≥3 hand-foot skin reaction (HFSR, 21.08% vs 14.20%; P = 0.0982) and thrombocytopenia (19.88% vs 1.18%; P<0.0001) than the sorafenib group. The patient distribution with respect to toxicity is outlined in Table 2 .
Response rates
In the sorafenib group, 18 patients (10.65%) achieved PR and 142 (84.02%) patients had SD, whereas in the sunitinib group, 2 patients (1.20%) achieved CR, 51 (30.72%) reported PR, 87 patients (52.42%) had SD and 26 patients (15.66%) demonstrated PD, (Table 3) . Overall, the disease control rate (DCR = CR + PR + SD) was higher in sorafenib-treated patients than sunitinib-treated patients (94.67% vs 84.33%, respectively), and the ORRs (CR + PR) were 10.65% and 31.92% in sorafenib-and sunitinib-treated patients, respectively.
Prognostic factors
The prognostic factor analysis indicates that pathological type/treatment interval/number of metastatic organs/hemoglobin/LDH are the main factors affecting advanced renal cancer. Univariate and multivariate analyses revealed that prognostic factors such as non-clear cell carcinoma of the kidney, KPS (≥90 and <90), age (≥65 and <60 years), MSKCC (favorable risk, intermediate risk and poor risk), treatment interval (≥12 and <12 months), and non-pulmonary metastasis were associated with better OS in patients receiving sorafenib as compared to those receiving sunitinib. Moreover, sorafenib had a superior efficacy for OS in patients with non-clear cell carcinoma (HR: 0.495 [95% CI: 0.262-0.935]; P = 0.0302; Figure 3A ). Multivariate analysis revealed that sorafenib had superior efficacy in patients with a KPS of <90, associated with significantly better PFS (HR: 0.460 [95% CI: 0.222-0.954]; P = 0.0369; Figure 3B ). Overall, these results favored sorafenib as first-line targeted drug for the treatment of advanced RCC.
DISCUSSION
In the current retrospective analysis, the results suggested that the efficacy of sorafenib is comparable to that of sunitinib in the first line patients with mRCC (PFS of 9.0 vs. 11.0 months and OS of 28.0 vs. 28.0 months, respectively). Moreover, adverse effects were significantly less frequent in the patients treated with sorafenib. To our knowledge, this is the largest clinical retrospective, comparative study to investigate the efficacy of first-line targeted therapy agents (sorafenib vs sunitinib) for mRCC.
Park et al conducted a retrospective analysis and concluded that the efficacy of sorafenib is comparable with that of sunitinib in 269 VEGF-TKI-naive patients with mRCC (sorafenib vs sunitinib: PFS, 8.6 vs 9.9 months; OS, 25.7 vs 22.6 months, respectively) [17] . The results of our analysis are in similar lines as compared with Park et al. however, it is noteworthy that our study has larger sample size and hence, a meaningful conclusion can be made out of it. Oncologists believe PFS as a credible end point in oncology trials [18] . The phase III TARGET (Treatment Approach in Renal Cell Global Evaluation Trial) demonstrated that sorafenib improved PFS two-fold compared with placebo in 903 patients with clear cell mRCC who were refractory to prior cytokine therapy [9] . Based this study, sorafenib was approved by FDA and became the first targeted agent in the mRCC as the second-line treatment after cytokine therapy (category 1) [11] . However, in a randomized phase II trial of first-line sorafenib versus IFN-α, sorafenib resulted in a similar PFS to that of IFN-α (5.7months versus 5.6 months) [19] . Therefore, NCCN guideline recommended sorafenib as the first-line agent only in selected patients (category 2A) [11] . In the phase 3 trial comparing axitinib and sorafenib for mRCC patients with treatment-naïve, the median progression-free survival was 6.5 months in the sorafenib arm [4] . However, results from TIVO-1 trial suggested that sorafenib as a first-line mRCC therapy yielded PFS of 9.1 months which is longer than the median PFS from previous two studies [13] . This variability in results might be due to the prognostic differences among the patient population.
As reported previously, sorafenib had better clinical outcome in Asian mRCC patients [7, 12, 14] ; moreover, several studies evaluated the efficacy of sorafenib in terms of PFS [12, 17, 20, 21] ]. A Japanese phase II trial of sorafenib in patients with mRCC who did not respond to cytokine treatment also demonstrated the efficacy of sorafenib with a DCR of 87.8%, a response rate of 14.7% and PFS of 32 weeks (95% CI, 25-40 weeks) [22] . In 2015, Guo et al demonstrated that sorafenib was efficacious in 131 patients with mRCC in Northeast China, with median PFS of 10.5 months, respectively, after a median follow-up of 16.9 months. The median PFS was 9.0 months in our study. The median PFS result was similar with the study in others Chinese patients [20] . In our study, the median PFS was 9.0months and similar with others Asian study.
In a randomized phase III trial comparing sunitinib with IFN-α, the median PFS was 11.0 months for the sunitinib arm and median overall survival of more than 2 years with sunitinib therapy [16] . Qin et al conducted a phase IV clinical trial in Mainland China evaluated the efficacy of sunitinib in patients with advanced RCC and reported DCR to be 76.7% with an objective response of 31.1% and a median PFS of 14.2 months [23] . As per the observations of our study the median PFS for the sunitinib treatment patients was 11.0 months and is similar to the previously reported data.
Our study results suggested that the efficacy of sorafenib was comparable with that of sunitinib in VEGF-TKI-naive patients with mRCC (9.0 months [95% CI: 8.00- 12.00] vs 11.0 months [95% CI: 9.00-14.00], respectively; P = 0.6289). There was no difference between the two arms. As reported, median PFS was 3.6 months for patients escalated to sorafenib 600 mg twice daily in the phase II trial of firstline treatment with sorafenib versus interferon alfa-2a [19] . In our study, the median all dose sorafenib treatment time (included standard dose treatment plus escalated sorafenib time) was 17.0 months. Many clinical studies showed that RCC patients who tolerated the standard dose of sorafenib could benefit from the escalated dose of sorafenib after the disease progressed. For example, in one phase II clinical trial, the median PFS of RCC patients were prolonged 3.6 months after escalated dose sorafenib treatment [19] . An improved median PFS with prolonged survival was observed in patients receiving all dose sorafenib compared with those receiving sunitinib (P = 0.0062).
Results from a large, multicenter study conducted in 645 patients with anti-VEGF therapy-naive patients with mRCC treated with sorafenib, sunitinib, or bevacizumab as the first-line targeted therapy agents reported that although studies have reported variable PFS for first line VEGF TKI treatment in patients with mRCC, OS was not significantly different between patients who received sunitinib or sorafenib [24] . Our study demonstrated that the median OS was similar between patients who received sunitinib or sorafenib in the first line treatment. Moreover, higher number of patients had SD with sorafenib treatment versus sunitinib (84.02% vs 52.42%). Nevertheless, DCR rate was higher in sorafenib-treated patients compared with sunitinib-treated patients (94.67% vs 84.33%, respectively), whereas ORR (CR + PR) was lower with sorafenib (10.65%) than sunitinib (31.92%). Previous publications also have shown SD of 62-75% after sorafenib treatment. In phase III clinical studies (TARGET III), 74% patients had SD after sorafenib treatment [9] . In phase II study, 74.2% advanced kidney cancer patients had SD after first-line treatment with sorafenib [19] . In China, the clinical data showed a higher proportion of RCC patients who reached SD after sorafenib treatment, which was similar with previous reports.
Understanding and identifying prognostic factors is an essential tool for the development and evaluation of new treatments. Moreover, factors predictive for PFS/ OS with targeting agents have not been fully assessed. Various pathologic markers such as prior nephrectomy, anemia, serum calcium level, lactate dehydrogenase, KPS, metastatic sites, blood neutrophil levels, and platelet levels hold a noticeable prognostic value in patients with mRCC undergoing targeted therapy [24, 25] .
Therefore, a subgroup analysis was performed for the selection of better drug based on many prognostic factors such as age, sex, MSKCC score, pathological type, KPS score, treatment intervals, and metastatic lesions. In addition, prognostic factors for PFS and OS in Chinese patients with mRCC treated with sorafenib or sunitinib as first-line therapy were identified.
In our study, sorafenib showed significantly superior efficacy in some subgroups such as non-clear cell carcinoma patients (OS, 13 vs 10 months; P = 0.0232) and patients with a KPS of <90 (PFS, 7.5 vs 3.0 months; P = 0.0265; OS, 18 vs 7.5 months; P = 0.0506), which was of clinical benefit in this population. However, the patient population in the subgroup analysis is rather low and we suggest further studies to draw any definite conclusion on efficacy.
Selection of appropriate first-line therapy depends on the toxicity profile. Our study results demonstrated an acceptable safety profile in the Chinese population receiving sorafenib with mild-to-moderate toxicity, which was found to be consistent with the other studies [9, 14, 17] .
A significantly lower grade ≥3 AEs were seen in the sorafenib group compared with the sunitinib (39.05% vs 65.06%; P<0.0001). All-grade and grade ≥3 non-hematology and hematology AEs were significantly lower in the sorafenib group compared with the sunitinib group. Patients with mRCC usually report HFSR as a common AE [9, 14, 17, 26] ], which was observed in our study as well, along with thrombocytopenia; however, the incidence was significantly lower in the sorafenib group than in the sunitinib group.
Taken together, this is the largest retrospective comparative study of sunitinib and sorafenib in patients with mRCC, a domain not much explored. Results are similar to the studies conducted previously, indicating that therapeutic profile of sorafenib is comparable with that of sunitinib with fewer and less severe toxicities associated with sorafenib.
Our analysis had few limitations. First, this is retrospective study and may affect the results of our analysis. Secondly, large-scale randomized clinical trials and sufficient duration are required to confirm our finding and to fully evaluate clinical outcomes. Consequently, the study population is more likely to be representative of the general oncology population and would provide information for optimizing the best treatment modality for the first treatment in the mRCC patients.
In conclusion, sorafenib may become an integral part of the standard care of first-line treatment in patients with mRCC, which has a profile comparable with that of sunitinib. Sorafenib had superior efficacy in some subgroups: patients with non-clear cell carcinoma and patients with a KPS of <90. Overall, this targeted agent was well tolerated with a manageable toxicity profile, even at higher dosages. It remains to be seen whether results of larger randomized and prospective studies will lead to a paradigm shift in treatment strategies for patients with mRCC.
MATERIALS AND METHODS
Study design and patient population
This was the largest, single-center, retrospective study conducted to determine the efficacy of sorafenib versus sunitinib as the first-line therapy for mRCC and to analyze survival. Patients were enrolled prospectively and their data were reviewed retrospectively. Medical records of all consecutive patients with mRCC who had been treated with sorafenib or sunitinib as the first-line targeted therapy at the Peking University Cancer Hospital were reviewed from November 2006 to March 2015.
Patients were eligible if they had histological confirmation of advanced mRCC; had a KPS of 70-100; had at least one or more measurable lesions; had adequate bone marrow, liver, and renal functions. Currently, there is no best biomarker and predictor factors for patient selection. So patient treatment were selected with sorafenib or sunitinib by the clinical experiences. Just for the patients with poor bone marrow function, the sorafenib was chosen as the first line treatment. Patients were excluded if they had unstable or severe cardiac disease and uncontrolled brain metastases.
The study protocol was approved by the local institutional review boards and ethics committees in accordance with the national and international guidelines and conformed to Declaration of Helsinki. Informed consent was signed and obtained from all the patients.
Treatment
Sorafenib (400 mg) was administered orally twice daily continuously in a 4-week cycle until disease progression, unacceptable toxicities, or mortality. Sunitinib was administered at 50 mg orally daily in a 6-week cycle (4 weeks on, 2-week resting period-4/2 schedule) until disease progression, unacceptable AEs, or patient withdrawal.
We used the National Cancer Institute Common Terminology Criteria for Adverse Events v4.0 (NCI-CTC 4.0) to aid diagnosis and grading of treatment-related AEs, on the basis of which modifications in dose were decided [27] . For treatment-emergent toxicities of grade 3 or higher, therapy was withheld until resolution to grade 1 or lower. If the patient experienced grade 3 or 4 drug-related toxicity, second time, the dosage was decreased by one level. Patients who were initially intolerant to sunitinib 4/2 schedule, even after dose reductions, were then administered with the reduced dose for 2 consecutive weeks followed by 1-week resting period every 3 weeks (2/1 schedule). The subsequent dosing schedule depended on the treating physician's discretion.
For the second-line therapy, the dose of sorafenib was escalated to 600 mg in patients who tolerated the standard dose of sorafenib well. Once progressed, the dose of sorafenib was again increased to 800 mg BID. For the patients who tolerated the standard dose of sorafenib not well and who received sunitinib treatment in the first line treatment, they were eligible to take other TKI or mTORi in case of disease progression.
Safety and response rate assessments
The primary end points of the study were PFS and OS. The secondary end points included treatment-related adverse events (AEs) and treatment response.Clinical, laboratory, and pathological data were collected and reviewed from patient medical records, and the most recent laboratory values were used before initiation of treatment. Pretreatment evaluation comprised a complete history and physical examination; complete blood count; liver, and renal function tests; CT scan of the chest, abdomen and pelvis; CT or MRI of the brain; and total body bone scan. Information on AEs and their severity was collected from the patient's medical records, and toxicity was analyzed and graded using the NCI-CTCAE v4.0 in all patients who received at least one dose of the drug (18) . Radiological evaluation of the measurable tumor lesions was carried out every 2 cycles for the first year, and every 12 weeks thereafter in all the patients. Response was re-assessed according to RECIST (Response Evaluation Criteria in Solid Tumors) version 1.0 [28] .
Statistical analysis
All statistical analyses were performed using SAS version 9.1 (SAS Corporation, Cary, NC, USA) and Stata version 10 SE (StataCorp, College Station, TX, USA).
PFS was calculated from the start of first-line TKI treatment to the date of disease progression or death or the date of the last follow-up visit if the patients were still alive without progression. Median OS time was measured from the beginning of TKI until mortality or the date of the last follow-up visit if the patients were still alive. DCR was defined as the proportion of patients who achieved CR or PR, or SD. objective response rate (ORR) was defined as the proportion of patients who achieved CR and PR.
PFS and OS were analyzed by the Kaplan-Meier method and compared by the log-rank test. Clinical variables were evaluated by univariate and multivariate analyses using step-wise cox proportional hazard regression to evaluate associations with OS and PFS. All potential prognostic factors with a P value of ≤0.2 on univariate analyses were entered into the multivariate cox models. For PFS, OS, TTP, and time to first-line treatment failure, hazard ratios (HRs) and two-sided 95% confidence intervals (CIs) were derived from a cox proportional hazard model. ORR and DCR was assessed using Fisher exact test. Subgroup analysis and PFS/OS single factor analysis, including age, sex, pathological type, treatment interval, KPS score, MSKCC risk, Heng risk, presence of bone metastasis, presence of lung metastasis, number of metastatic organs (1 vs >1), and use of second-line therapy, were also assessed. Parameters such as age (>65 vs ≤65 years), sex, MSKCC score (poor vs intermediate risk), pathological type (clear cell vs non-clear cell carcinoma), KPS (<90 vs ≥90), treatment interval (<12 months vs ≥12 months), and metastatic lesions (simple vs nonsimple pulmonary metastasis) provided guidance for drug selection. Safety was assessed in all patients receiving at least one dose of study drug and was summarized using descriptive statistics. All statistical analyses were two sided; a P value of <0.05 was considered significant.
